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In the title compound, C19H30N3O2P, the central P atom has a 
distorted tetrahedral configuration. The N atoms in both 
cyclohexylamide moieties exhibit a slight deviation [0.32 (7) 
and 0.44 (6) A] from planarity, while the benzoylamide N 
atom is planar [0.11 (3) A]. In the crystal, molecules are linked 
via N— H- ■ O(P) and N— H- ■ O(C) hydrogen bonds, forming 
i?2(10) rings within linear arrangements parallel to the b axis. 

Related literature 

For the synthesis and a spectroscopic study of title compound, 
see: Gholivand et al. (2006). For bond lengths in related 
structures, see: Sabbaghi et al. (2010); Rudd et al. (1996). For 
hydrogen-bond motifs, see: Etter et al. (1990); Bernstein et al. 
(1995). 




Experimental 

Crystal data 

C 19 H 30 N 3 O 2 P 
M, = 363.43 
Monoclinic, Cc 
a = 20.9904 (17) A 
b = 5.1503 (2) A 
c = 21.1125 (18) A 
f) = 121.955 (11)° 



V = 1936.5 (2) A 3 
Z = 4 

Cu Ka radiation 
H = 1.39 mm -1 
T = 293 K 

0.28 x 0.05 x 0.01 mm 



Data collection 

Oxford Diffraction Xcalibur Ruby 
Gemini diffractometer 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford Diffrac- 
tion, 2010) 

7mi„ = 0.978, r maI = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.051 

wR(F 2 ) = 0.122 

S = 1.05 

2758 reflections 

239 parameters 

2 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



2758 measured reflections 
2758 independent reflections 
2294 reflections with / > 2a(I) 
R inl = 0.064 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.46 e A~ 3 

Ap mi „ = -0.18 e A~ 3 

Absolute structure: Flack (1983), 
908 Friedel pairs 

Flack parameter: 0.11 (4) 



D- 


H-A 


D-H 


H-A 


D-A 


D-H-A 


N4 


-H4- ■ 03' 


0.90 (4) 


2.16 (4) 


2.988 (4) 


154 (3) 


N5 


-H5- ■ 02" 


0.77 (5) 


2.30 (6) 


3.019 (5) 


156 (6) 



Symmetry codes: (i) .v. y + 1, z; (ii) x, y — 1, z. 

Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
program(s) used to solve structure: SUPERFLIP (Palatinus & 
Chapuis, 2007); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: Mercury (Macrae et al, 2008); 
software used to prepare material for publication: WinGX (Farrugia, 
1999). 

Financial support from the Spanish Ministerio de Ciencia e 
Innovation (MAT2006-01997, MAT2010-15094 and 'Factona 
de Cristalizacion' Consolider Ingenio 2010) and FEDER 
funding is acknowledged. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LD2010). 
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Comment 



The synthesis of the title compound, C6H5C(0)NHP(0)[NHC6Hi J2, was previously published by Gholivand et al. (2006). 
Here, we report its crystal structure (Fig. 1). 

The P=0, C=0 and P— N bond lengths match those found for other compounds with the [(N)(N)P(0)NHC(0)] skeleton 

(Sabbaghi et al., 2010). The nitrogen atoms show sp character and the environment of N atom in C(0)NHP(0) moiety is 
practically planar. The tetrahedral configuration of phosphorus atom is significantly distorted (Fig. 1) as it has been noted 
for other phosphoric triamides and their chalco-derivatives (Rudd et al, 1996): the bond angles at the P atom vary in the 
range from 102.7 (2)° to 117.2 (2)°, while the P-N bond distances range form 1.615 (4) to 1.730 (4) A. Cyclohexyl groups 
are in a chair conformation with the adjacent NH groups oriented equatorially. 

The NH unit of the C(0)NHP(0) moiety adopts a syn orientation with respect to the phosphoryl group; moreover, the 
NH units of two C6HnNH moieties are in a syn orientation with respect to each other. 

In the crystal structure, the molecules are linked via N — HO=P and N — H O=C hydrogen bonds, in which carbonyl 
oxygen interacts with benzamide N — H and P(O) group binds to a cyclohexylamido moiety. This way, R2 (10) rings are built 
(Etter et al, 1990; Bernstein et al, 1995), that are further connected in linear arrangements along y axis (Table 1, Fig. 2). 

Experimental 

C6H5C(0)NHP(0)[NHC6Hi was prepared according to the procedure reported by Gholivand et al. (2006). Single crystals 
of title compound were obtained from CH3OH after slow evaporation at room temperature. 

Refinement 

At the end of the refinement the highest peak in the electron density was 0.460 e A " 3 , while the deepest hole was -0. 1 80 e A " 3 . 



Figures 




Fig. 1. An ORTEP-style plot of title compound with labeling. Ellipsoids are given at the 50% 
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Fig. 2. Partial packing view showing the formation of the chain through N — FFO hydrogen 
bonds (along the b axis) which are shown as dotted lines. H atoms not involved in the hydro- 
gen bondings are omitted. 



N-Benzoyl-N',iV"-dicyclohexylphosphoric triamide 



Crystal data 

C 19 H3 0 N 3 O2P 
M r = 363.43 
Monoclinic, Cc 
Hall symbol: C -2yc 
a = 20.9904 (17) A 
6 = 5.1503 (2) A 
c = 21.1125 (18) A 
(3= 121.955 (11)° 

V= 1936.5 (2) A 3 
Z=4 



^(000) = 784 

D x = 1.247 MgnT 3 

Cu Ka radiation, 1 = 1.54180 A 

Cell parameters from 1733 reflections 

6 = 4.2-70.2° 

H = 1.39 mm -1 
7=293 K 
Prismatic, colorless 
0.28 x 0.05 x 0.01 mm 



Data collection 



Oxford Diffraction Xcalibur Ruby Gemini 
diffractometer 

Radiation source: Enhance (Cu) X-ray Source 
graphite 

Detector resolution: 10.2673 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford Diffraction, 2010) 

r min = 0.978, r max = l.ooo 

2758 measured reflections 



2758 independent reflections 

2294 reflections with / > 2a(7) 
Rim = 0.064 

©max = 70.3°, 0 m i n = 4.8° 

h = -24^24 
£ = 0^6 
/ = -25^25 



Refinement 
Refinement on F 2 
Least-squares matrix: full 



R[F 2 >2a(F 2 )] = 0.051 



wR(F z ) = 0.122 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[o 2 (F 2 ) + (0.0489P) 2 ] 
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S= 1.05 
2758 reflections 
239 parameters 
2 restraints 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


TT- *ITJ 
u iso ' u eq 


PI 


0.00072 (6) 


0.2629 (2) 


0.30701 (6) 


0.0403 (2) 


02 


-0.02706 (18) 


0.5292 (5) 


0.30029 (19) 


0.0504 (8) 


03 


0.11281 (18) 


-0.1251 (6) 


0.3206 (2) 


0.0578 (9) 


N4 


0.0865 (2) 


0.3029 (6) 


0.3150 (2) 


0.0435 (8) 


N5 


-0.0520 (2) 


0.0724 (7) 


0.2376 (2) 


0.0438 (9) 


N6 


0.0150 (2) 


0.0959 (8) 


0.3781 (2) 


0.0458 (9) 


C7 


0.1289 (2) 


0.1008 (8) 


0.3169 (2) 


0.0398 (9) 


C8 


0.1958 (2) 


0.1615 (7) 


0.3117(2) 


0.0401 (9) 


C9 


0.1990 (3) 


0.3714 (9) 


0.2727 (3) 


0.0490(11) 


H9 


0.1598 


0.4905 


0.2518 


0.059* 


CIO 


0.2585 (3) 


0.4083 (11) 


0.2640 (3) 


0.0616 (13) 


H10 


0.2590 


0.5492 


0.2367 


0.074* 


Cll 


0.3180 (3) 


0.2347 (12) 


0.2961 (3) 


0.0677 (14) 


Hll 


0.3587 


0.2600 


0.2907 


0.081* 


C12 


0.3169 (3) 


0.0239 (12) 


0.3362 (3) 


0.0722 (16) 


H12 


0.3569 


-0.0923 


0.3577 


0.087* 


C13 


0.2559 (3) 


-0.0130(10) 


0.3440 (3) 


0.0533 (12) 


H13 


0.2549 


-0.1546 


0.3708 


0.064* 


C14 


-0.0945 (2) 


0.1484 (9) 


0.1595 (2) 


0.0451 (10) 


H14 


-0.1203 


0.3120 


0.1554 


0.054* 


C15 


-0.1535 (3) 


-0.0560 (13) 


0.1154 (3) 


0.0727 (17) 


H15A 


-0.1872 


-0.0665 


0.1336 


0.087* 


H15B 


-0.1292 


-0.2234 


0.1235 


0.087* 


C16 


-0.1994 (3) 


0.0014 (16) 


0.0314(3) 


0.0846 (19) 


H16A 


-0.2337 


-0.1413 


0.0055 


0.102* 



where P = (F 2 + 2F 2 )I3 
(A/o) max < 0.001 

Apmax = 0.46 e A~ 3 
Ap mi „ = -0.18eA" 3 

Absolute structure: Flack (1983), 908 Friedel pairs 
Flack parameter: 0.11 (4) 



sup-3 



supplementary materials 



i 1 1 /Try 


— u.zzyu 


A 1 C7 1 
U.l J /I 


A AT) C 

U.UZZj 


A 1 AT * 
U.1UZ* 


CI / 


A 1 CAT 

-U.lDUZ (3) 


A A1 O 1 /1 1 \ 

U.U3&1 (11) 


A AA1 1 /1\ 
U.UU11 (3) 


A a/;i o /■ 1 1\ 
U.Uo3o (13) 


I I 1 713 

ril id 


A 1 QA£ 

— U. loUo 


A AO/il 

U.UooZ 


A AC 1 1 

— U.UM 1 


A A77* 
U.U / /* 


hll /A 


A I TCI 

-U.1ZM 


A 1 ">A 1 

— U. 1Z41 


A AA/1 C 

U.UU43 


A A77* 
U.U / /* 


Clo 


— U.UyZZ (4) 


U.Z4o3 (1Z) 


A A/1 1 £ //1\ 

U.U43o (4) 


A A77/1 /I 7\ 
U.U / /4 (1 /) 


I I 1 O A 

riloA 


A 1 1 71 

— U. 1 1 11 


A /I 1 7 C 

U.41Zj 


A Aid 

U.U3jZ 


A AA1 * 

u.uy3^ 


I I i on 

hllsB 


a neon 


A 1 C7A 


A AT C A 
U.UZDU 


A AA1 * 

u.uy3* 


1 Q 

ciy 


a A/l/i/1 (X\ 
U.U4o4 (3 J 


A 1 OQ/C /I i\ 

u. loyo (i3j 


u. izoy (3 ) 


a a/;oi /^l C\ 
U.Uoo3 (10) 


hllyA 


-U.UloZ 


A A1 C/i 

U.U3!)o 


A 1 1 C/i 

U. 13jo 


a no* 
U.UoZ* 


1 1 1 no 


— U.U1Z4 


A 1 1 1 C 

U.333!) 


A 1 CTC 

U.IdZj 


A AOT * 

U.UoZ^ 


CZU 


A A£77 f">~\ 

U.Uo 1 1 \2.) 


a 1 £17 /'o\ 
U. lo3 / (o) 


A /I CC7 

U.4jj / (Z) 


u.u4Zo (y ) 


HZU 


0.0962 


0.3151 


0.4562 


0.051* 


CZ1 


a 1 nn /ia 
U.IZZV (3) 


A f\A Q£. / 1 7\ 

-U.U4oo (1Z) 


A /1A70 /QA 
U.4y /O (3) 


A A/i O C ( 1 C\ 

U.Uooj (1j) 


I TO 1 A 

I I _ 1 A 


U. 1333 


A A7CO 

U.U / jo 


A /I 7^1 

U.4 /03 


A AOT* 

U.UoZ 


hlZlB 


a nnc/; 


A 7 AO 1 

-U.ZUol 


a /im ^ 
U.4S>lo 


a no* 
U.UoZ^ 


CZZ 


U.l /4o (3) 


A AA£7 / 1 C\ 

U.UUo / (1 j) 


A C O 1 A S1\ 

U.joIU (3) 


A AOAC C\(\\ 
U.UOU!) (IS*) 


rlZZA 


A 1AC/1 

U.ZUM 


A 1/1/10 

— U. 144o 


A /iACC 


A AA7* 

u.uy /* 


hlZZB 


A 1A77 

u.zu / / 


A 1 /1AO 

u.i4y& 


A C 070 


A AA7* 

u.uy 


CZ3 


A 1 1 A1 

U.13U3 (3) 


A A7/1 1 / 1 A\ 

U.U /4Z (1U) 


U.olo / (3) 


A A/i C A /"I /1\ 

U.UcDU (14) 


mio 


A 1 A 1 Q 

u. iuiy 


A A7/i7 

— U.U /oZ 


A £ 1 C C 

U.ol jj 


A A70* 

U.U /o* 


i m a 


A 1 C A C 

U.lo4o 


U. IZlo 


A C & O C 


A A70 * 

U.U /o* 


CZ4 


U.U/ / / (4) 


a one 1 / 1 i\ 
U.ZyM (13) 


A C7£l 

U.D /oZ (3) 


A A77 1 H 0\ 

U.U //I (lo) 


I I") 1 A 

rlZ4A 


U. lUoo 


A A CAC 

U.4jUj 


A COQ 

u. jozy 


A AQ1* 

u.uy3 


rlZ4£5 


A A/i 77 
U.U4 / / 


a 117 1 
U.3Z / 1 


A CQ7Q 

u. jy /y 


A AQ1* 

u.uy3 


C25 


A AO 1 ~\ 

0.0261 (3) 


0.2433 (12) 


a a m 7 ^ 

0.4937 (3) 


A A/C C /I / 1 ^ 

0.0654 (15) 


H25A 


-0.0029 


0.3987 


0.4697 


0.078* 


H25B 


-0.0088 


0.1066 


0.4868 


0.078* 


H4 


0.1046 (19) 


0.457 (7) 


0.3124 (19) 


0.015 (8)* 


H6 


0.014 (3) 


-0.052 (9) 


0.371 (3) 


0.037 (13)* 


H5 


-0.038 (3) 


-0.067(11) 


0.248 (3) 


0.062 (17)* 



Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 
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N6— PI— N4— C7 60.3 (4) 

N5— PI— N4— C7 -50.7(4) 

02— PI— N5— C14 37.2 (4) 

N6— PI— N5— C14 166.0(4) 

N4— PI— N5— C14 -79.8(4) 

02— PI— N6— C20 -61.0(4) 
N5— PI— N6— C20 171.1 (4) 
N4— PI— N6— C20 55.2 (4) 
PI— N4— C7— 03 -7.5 (6) 
PI— N4— C7— C8 170.5 (3) 

03— C7— C8— C9 147.1 (4) 
N4— C7— C8— C9 -31.0(6) 
03— C7— C8— C13 -28.7(6) 
N4— C7— C8— C13 153.3 (4) 
CI 3 — C8 — C9 — CIO 1.2(7) 
C7— C8— C9— CIO -174.5 (5) 
C8— C9— C 1 0— C 11 - 1 .2 (8) 
C9— CIO— Cll— C12 0.5(8) 
CIO— Cll— C12— C13 0.1(8) 
Cll— C12— C13— C8 -0.1(8) 
C9— C8— C13— C12 -0.6(7) 

Hydrogen-bond geometry (A, °) 

D—H-A D — H 

N4— H4-03 ; 0.90 (4) 

N5 _H5-02 ii 0.77 (5) 



Symmetry codes: (i) x, y+\,z; (ii) x, y-\,z. 
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